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MOTV MISSION MODELING LOGIC (TASK 1) 
















04 ?;. 0^90 



! 


H 

CQ 

as 

o 

o 

M 

a 

z 

a 

z 

Q 

O 

Qi 

o 

a: 

u 

> 

o 


X 3 

G 

o 

4^ 

M 

i 


V 

u 

0) 

O 

00 

04 

<d 

C 


■0 


» 

eo 

e 

H 

-< 

a 

•o 

•§ 

» 

g 

s 

;>» 

0) 

g 

e 


c 

(0 



£ 

x: 

e 

S 

C0 

CQ 


mH 

♦J 

4-» 


o 

o 

■M 

c 

1 

Oi 

>. 

2) 

"S 

B 

* 

£ 

o 

c 


t 

"2 

c 

•p4 

00 

O 

00 

0 

e 

X 

o 

u 

c 

m 

u 

d> 


S 

>. 

g 

4>» 

(0 

■§ 

s 

l 4 

I 

1^ 

04 

O 

•§ 

c 

00 

B 

iJ 



Q> 

V4 

mm 

oo 

& 

•jH 

a 

CQ 


x: 

4i4 


o 

00 

** 

ei 

o 

<M 

0) 

T3 

1 

O 

bo 

2 

5 

3 

o> 

« 

•a 



OVERCROWDING IN GEO ORBIT: 
C-BAND SATELLITES 


ORIGINAL PAGE !3 
OF POOR QUALITY 



'Vio 








SATELLITE DISTRIBUTIONS BY INCLINATIONS 
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PAYLOAD DEPLOYMENTS - 
Tib:#. 1982 THROUGH 2002 

MCfryn'^^°^ distribution by inclination 
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The type and frequency of transportation/ support activity during the study period 
are defined in the facing page chart. As shown, GEO deployments account for the major 
traffic demand through th^ 'ate 1980s. After that time, LEO ard HEO orbits are the 
larger component of deployment activity. 
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COMPARATIVE COSTS OF UPPER STAGE OPTIONS 
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APOTV GEO PAYLOAD CAPABILITIES: TWO SHUTTLE LVUNCHES, WITH SCAVENGING 
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DELIVERED PAYLOAD, KG X 103 





APOTV GEO PAYLOAD CAPABILITIES: THREE 65-K SHUTTLE LAUNCHES, 
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DELIVERED PAYLOAD, KG X kP 
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delivered payload, kg X 1(P 



2-STAGE COMMON APOTV GEO PAYLAOD CAPABILITY: IMPACT OF PROPELLANT 

TRANSFER LOSSES 
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OTV GEO PAYLOAD DELIVERY COST VS SHUTTLE PAYLOAD CAPABILITY AT 
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MOTV NET GEO PAYLO/.D DELIVERY COST VS SHUTTLE PAYLOAD CAPABILITY: 

AT $61M PER SHUTTLE 
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PROPELLANT SCAVENGING CoST SAVINGS: $61M SHUTTLE 
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YEARS © TYPICAL MOTV MISSION RATE 


The cost savings between the 1 1 /2-stage space based MOTV using three 65-K 
shuttle launches and the same vehicle using two 100-K shuttle launches have been 
plotted vs MOTV payload tonnage to GEO. A second scale is shown representing the 



«o 



100K SHUTTLE - 1% STAGE SPACE 
BASED SAVINGS VS MOTV NET GEO 

PAYLOAD 


ORiGiTvAL P/'.Gt 13 
OF POOR QJAL'TY 



YEARS AT TYPICAL MOTV MISSION RATE 




RECOMMENDATIONS 




o 

LU 

z 

z 

< 

s 


CO 

> 

O 

ill 

z 

z 

< 


< 

D 

o 

o 


> 

I- 


00 

< 

CL 

< 

CO O 

go 

o z 


D 

s 

S 
QC ^ 
O ~l 

LL LJ 
CC H 
UJ < 
CL CO 


O 

> 

QC 

UJ 

CO 

UJ 

K 


O 

z 

o 

z 

UJ 

> 

< 

o 

CO 

z 

< 


UJ 

o. 

O 

QC 

Q. 

Z 

< 

I- 

< 

z 

QC 

UJ 

h“ 

X 

UJ 

UJ 

3 

CO 

QC 

3 

CL 


UJ ^ 
H -I 

< UJ 
3 O- 
jO 

< CC 

>?; 

UJ O 


< CO 
>1 
h* I- 

I? 

Od 

Uj" ^ 


UJ 

UJ 


S 

QC 

Si? 

UJ UJ 
Q CD 

O 

h: UJ 

o 


UJ 

3 


o 

o 


UJ 

QC 

UJ 


QC 

UJ 

U. 

CO 

z 

< 

QC 

H 


QC 

O 

u. 

CO 

S 

CO 

> 

CO 

UJ ^ 
-J H 
3 ^ 
CO O 

|2 

^ CO 

5 < 

u CQ 

QC UJ 
O O 

QJ ^ 


O Q 

o UJ 

9< 

<s 

uu O 
UJ QC 
O O 


o 

s 

> 

I- 

o 

QC 

o 

u. 

s 

< 

QC 

O 

O 

QC 

CL 

> 

QC 

< 


a, — 


I- 

3 

O 

> 

UJ 

UJ 


S 

QC 

UJ 

H" 

UJ 

O 


CM 

00 

'v. 

•H 

00 


1154-119(T) 




RECOMMENDATIONS 




MOTV TURNAROUND STUDIES 




C/) 

O 

E 

< 

z 

UJ 

Z 

0 

% 

1 

o 

111 

(j 


a 

ai 

(/) 

< 


< D 

S o 
« 00 

o « 

Z I 


o 

> 

1 

UJ 

CO 

o 

UJ 

r“ 

< 

UJ 

CO 

o 

OQ 

CO 

< 

OQ 

2 

UJ 

Q 

z 

< 

OQ 

UJ 

CD 

3 

UJ 

O 

< 

Q. 

< 

K 

CO 

O 

cc 

O 

< 

a. 

CO 


CD 

1 

CO 

1 

• 

1 

1 


> 

»- 

o 

2 

z 

o 

2 

2 

o 

fj 

UJ 

CD 

< 

K 

CO 

CM 


MIN SPACEPORT OPTIONS FOR SPACE TURNAROUND 








i 


Q 

M 




QQ 

Q 

Z 


o 

b ; 

o 


6 

Oi 

< 

o 

CO 

Z 

0 

M 

S 

< 

z 

1 
o 
z 



0) 

1 

« 

>> 

V 

> 

00 

4= 

CO 

c 

3 

0> 

* 

e 


§ 

00 

c 

Ctf 

r- 

00 


00 


.2 -5 

« 2 

« 5 

^ 2 : 


1 


>> 

09 

V 


c « 

0 ) 

x; 


I - 

r s 


a 

a> 

TJ 

O 


0) 

•«-> 

g 

4-> 

00 

3 

na 

o 

H 


0) 

w 

s 

(h 

S 

£ 

V 

o 

•? 

h 

0> 

00 


1 

oB 


H 

< 

2 

cu 

H 

Z 

c 

00 


>» 

.iC 

c 

3 


0> 

4= 

a 


0 

OP 

V 

B 

0) 

g 

3 

a jj 
« ? 

‘ g 

•0 b 

? s 

■« 

5 S 
0 V 
s 43 



• 

^ S 

*8 

<y X 

C 

B 

3 

00 

♦-* 

c 

3 

g 

^ s 

s 

0 

E 

a s 

00 

V 

a 

o m 

•PN CO 

t . 


t 5 

00 3 


00 

g 

3 

U 

3 

U 

** 

00 



oo 

00 



ORlGir.’AL PAGE IS 
OF POOR QUALITY 



LAUNCHES 


GROUND BASED 1-1 /2-STAGE OTV : CURRENT CONFIGURATION 



OR!Gl^?AL PAGH IS 

OF POOR QUALITY 



PAYLOAD 

LOCATION (TYPICAL) 



C*UND BASED 1 - 1 / 2 -STAGE MOTV: CONFIGURED FOR NOMINAL MISSION 


o 

•c 

S X 
0 ) 

^ <u 

8 I 

C * 

c S 

i I 

£ o 

nn •*-< 

s 

•o c 


E 

•3 'S 

§ I 

O 

g s 

5 t 
- <» 


^ S 

H 

•o 

. C 

CO <0 

2 = 

S S. 

^ a> 

CO l4 


Z * £ 
5 2 S 
2 I ^ 

•s £ S 

11 I 

« C .2 

5 > 

6 w c 

•a ® 

^ I I 

2 I ? 

«S IM 

® 4 ) * 

X * 
« “* ’S 

5 .2 g 

« § * 

•a ® g 

£ I 5 

3 E 

» - D 

?|5 

0 5 
-c c ® 

. ^ -S 

«) S 

c u 

:§ c s. 

> o o 

m ® C 

2 ® d 

w a 

® ^ 

ZZ t* 
T> V 

s M'S 

-1 *S 
o 2 3 

<»-i ^ B 

T3 "a ® 
® ® 

® >. 3 

3 0® 


S 'i 

S O' 
« S 

a O 
S E 

£ I 

2 • 

s * 

O ® 
T> £ 

S - 
* £ 

£ > 

•o . 

c F-I 
O ^ 

- w 

-•i a> 

•X £ 
a r: 


■S 

O C 
.25 -< 

o> ^ 

«§ ® 

® 1 

« a 

>» 8 

£ ® 
4-> x: 


2 ! 

3 

4 -» 

a 

£ 8 

m ^ 

a 5 

8 ^ 

i r 

2! o 
O .-S 


£ c 

- .2 

2 -s 

.2 § 


« 

8 H 

•O 3 


£ <u 


JC c 
♦-> ® 


Q ® 
bO 

. 

3 

o ® 
a 

2<: a 


1 .2 

« CO 


® *s 
£ ® 


« V 

b£ tc 
a e 

^ 2 
o >c 
a V 
® _ 


zz ® 

V U 

" o 




0 ) ® 
£ « 


•2 « 


« V 

U * 
< w 


t3 a ® 
c ® 
cd T) a 


® 

£ ^ 


m 

n 

S >• 

o 

•a > 


£ 55 

0 ) a 

£ .2 

ti ^ 
.2 -3 
.2 

> fc. 
h 3) 

® w 
® 

ki • 
r? * 

a o 

T3 

c 


D £ 
oi -X3 


® 2 
£ 5 


M 

Z e) 
® 

£ ® 
£ 


2 ^ 

4 »( 

c; 

?? <! 


-1 

c2 S 
u a 


o ® 
T £ 


mounts, it on the propulsion core skirt. Mounting location for the retrieved satellite will 
be oither that vacated by a deployed satellite or a jettisoned drop tank. *J1 drop tanks 
will have been jettisoned by this stage of the mission. 
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GROUND BASED - V/a STAGE MOTV 
CONFIGURED FOR NOMINAL MISSION 
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THIS CONFIGURATION FUl. LY UTILIZES THREE 65K SHUTTLE LAUNCHES AND CAN 
DEL'VER 4563 KG TO GEO {OVER & ABOVE DELIVERY & RETURN OF CREW CAPSULE) 
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NOMINAL MISSION SCENARIO: SPACE BASED MOTV 


? 

* 


H 

< 

CD 

0) 


JC 

o 

ss 

Cd 

•C 

+ 

JC 

X] 

«■» 

o 

o 


€ 

I ^ 

•a 

5 >» 

6 


I .2 « 

e i I 

i i I 


^ t - 
h 3 o 


I 

c. 

S 

o * 

u « 

O 4, 

® 5 


N 4, •> 

^ 4) 

® o s 

j O flo 

- Q ^ 


E S 


>* S' 

ft a> 
TJ 

4) O 
^ *- 


e 2 

■S - 

® as 

^ £ 

C 3 

-- I 

2 

U -M 
j; 00 

^ -o 

C 

J « 

■ft ® 

■P ® 


E 5 

c S 

O «5 

O V 


2 •? 

Qi ^ 0> 

® s c 

V 4-> 

8 .^ x; 4) 

'M h 

g: - ^ 

9* c 

® • *S 

® t; -c 

£ b > 


_ « <-• 
^ 3* 3 
* 00 0 ) 

2 0^ 

C S I 

a ^ I 

fe • «2 

§ ^ o 

s I g 

4> h 3 

x: S O' 

^ 00 0 ) 


5 £ 
£> H 


® 2 
?S 




SPACE BASED 1 1/ 2-STAGE MOTV : CONFIGURED FOR NOMINAL MISSION 
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TOTAL 

3524 

1590 

1327 

368 

304 

495 

1363 

8971 

163 

928 

909 

848 

11,819 

63,298 

75,117 

DROP 

TANK 

#2 

637 

5 

298 

152 

154 

187 

1433 

242 

1675 

24,215 

068'SZ 

DROP 

TANK 

#1 

637 

5 

298 

152 

154 

187 

1433 

242 

1675 

14,815 

16,490 

CORE DROP 
TANK 

637 

5 

298 

154 

164 

1258 

364 

N GO 

ry 2 

(D N 

's 

25,890 

ZERL 

STAGE 

500 

501 
433 
368 

270 

2072 

675 

2747 

2747 

CREW 

CAPSULE 

1113 

1074 

33 

555 

2775 

163 

928 

234 

4100 

4100 


STRUCTURE 

SUBSYSTEMS 

PROPULSION 

ACPS 

SEPARATiON/OEORBIT 

TPS 

CONTINGENCY 

DRY WEIGHT 

CREW 

MISSION EQUIPMENT 
CONSUMABLES 
RF.SERVES^ RESIDUALS 

B.O. WEIGHT 
PROPELLANTS 

IGNITION WEIGHT 


THIS CONFIGURATION FULLY UTILIZES THREE 65K SHUTTLE LAUNCHES AND CAN DELIVER 6060 KG TO GEO 
(OVER & ABOVE DELIVERY & RETURN OF CREW CAPSULE) 
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MIN SPACEPORT, ALL EVA TURN- 
AROUND, 1% STAGE MOTV - 
LAUNCH CONFIGURATION & WEIGHT 


CRIGI^IAL PAGE IS 
OF POOR QUALITY 
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HPA HPA CRADLE DROP TANK 

11600 KG) (2300 KG) STRUCTURE STOWAGE 

(1000 KG) STRUCTURE 

(1500 KG) 


MIN SPACEPORT, ALL EVA TURNAROUND, 1 1 /2-STAGE MOTV: DROP 

TANK DELIVERY 
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min spaceport, all EVA TURNAROUND. 1 1/ 2-STAGE MOTV: INSTALL 
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MIN SPACEPORT; EVA/IVA TURNAROUND, 1 1/2-STAGE MOTV: SPACEPORT 

CONFIGN k MOTV CAPTURE 
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2-STAGE COMMON MOTV CONFIGURATION FOR GROUND k SPACE BASED OPERATIONS 
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GROUND BASED 2-STAGE COMMON MOTV WEIGHT SUMMARY 
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SPACE BASED 2-STAGE COMMON MOTV WEIGHT SUMMARY 
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THIS CONFIGURATION FULLY UTILIZES THREE 65K SHUTTLE FLIGHTS AND CAN 
DELIVER 2556 KG TO GEO (OVER & ABOVE DELIVERY & RETURN OF CREW CAPSULE) 
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MIN SPACEPORT, ALL EVA TURNAROUND, 2-STAGE MOTV: 1ST STAGE SERVICE 
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TOTAL USABLE PROPELLANT WITHOUT SCAVENGING = 59,350 KG 
TOTAL USABLE PROPELLANT WITH SCAVENGING = 62,709 KG 
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CONFIGURATION WITHOUT SCAVENGING CANNOT FULLY UTILIZE THIRD SHUTTLE FLIGHT 
TOTAL USEABLE PROPELLANT WITHOUT SCAVENGING = 46,018 KG 
CONFIGURATION WITH SCAVENGING TAKE EXTERNAL TANK TO ORBIT 
TOTAL USEABLE PROPELLANT WITH SCAVENGING = 53,091 KG 
(59,765 KG LESS E.T. TRANSFER LOSSES) 
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2 STAGE COMMON SPACE BASED 
SHUTTLE MANIFESTING - 
ALL WEIGHTS IN KG 



Cm 



TOTAL USABLE PROPELLANT WITH SCAVENGING = 60,623 (67,359 LESS 10% TRANSFER LOSSES) 


APOTV GEO PAYLOAD CAPABILITIES: THREE 65-K SHUTTLE LAUNCHES 
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APOTV GEO PAYLOAD CAPABILITIES 



ORJGINAL PAC^ fS 
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APOTV GEO PAYLOAD CAPABILITIES: THREE 65-K SHUTTLE LAUNCHES. 
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DELIVERED PAYLOAD, Kg x 10 
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DELIVERED PAYLOAD, KG X 103 


TWO STS L.-UJNCH SCENARIO: 1 1/2-STAGE GROUND BASED 
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ROUND: • REFURBISH CREW 

CAPSULE & PROPULSION 
STAGE 



TWO STS LAUNCH SCENARIO: 1 1/2-STAGE SPACE BASED 
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TWO STS LAUNCH SCENARIO: 2-STAGE GROUND BASED 
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STS LAUNCH SCENARIO: 2-STAGE SPACE BASED 
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PERFORMANCE CONCLUSIONS 
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MOTV ASSOCIATED COSTS AT $61M PER SHUTTLE 
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MOTV ASSOCIATED COSTS 
@$61M PER SHUTTLE 
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EXTERNAL TANK PROPELLANT SCAVENGING COST SAVINGS $33M SHUTTLE 
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EXTKHNAL TANK PROPELLANT SCAVENGING COST SAVINGS: $61M SHUTFLE 
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The cost savings between the 1 1/2-slage space based MOTV using three 65-K 
shuttle launches and the same vehicle using two lOO-K shuttle launches have been 
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